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Decades of scientific inquiry have conveyed evidence in support of sustainability
efforts to mitigate some of the greatest challenges and dilemmas facing modern and
future societies. The solutions to these dilemmas may not be achievable in the short-term,
yet, through increased public participation in sustainable community development, smallscale, localized solutions can be obtained. This preliminary research explored the
influence of Environmental Systems Research Institute (Esri) story map designs on
participation in sustainability-related activities among individuals who expressed interest
in sustainable lifestyles. Specifically, this exploratory study was designed to demonstrate
the applicability of interactive web geographic information systems (GIS) applications as
platforms for promoting experiential learning and improved public participation in
targeted sustainability-related activities. Web GIS applications were produced using
multiple Esri story map design templates to visualize the sustainability-related features
(e.g., Farms & Food, Shops & Services, Groups) of Skagit County, Washington; Barron
County, Wisconsin; and Warren County, Kentucky. Story map applications were
distributed electronically in the study site locations using social media, email
disbursement, and website placement. After viewing the story map, research participants
completed a survey regarding their preferences among the story map designs and their
current participation in sustainability initiatives or activities. Completed surveys from
104 respondents were analyzed to begin to better understand participant opinions of the
x

story map designs and the influences of these designs on participation in sustainabilityrelated activities. While more survey data are needed to understand fully the influence of
story maps on participation in sustainability-related activities, participants in this study
indicated that story map applications can increase accessibility to sustainability-related
information and enhance the likelihood of participation in future sustainability-related
activities. Of the four story map designs evaluated as part of this exploratory study, the
data suggest the shortlist design may be the best suited to inform and encourage
participation in sustainability-related activities.
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CHAPTER ONE: INTRODUCTION
Sustainability is broadly based on intergenerational equities and aims to ensure
natural resource availability for all populations into the foreseeable future (Dixon and
Fallon, 1989). Sustainability can be formally defined as “meeting the needs of the present
without compromising the ability of future generations to meet their own needs”
(Brundtland, 1987, 291). Decades of scientific inquiry have conveyed evidence in support
of sustainability efforts to mitigate some of the greatest challenges and dilemmas facing
modern and future societies. The solutions to these dilemmas may not be achievable in
the short-term (e.g., wide-spread global sustainable energy use), yet, through increased
public participation in sustainable community development, small-scale, localized
solutions can be obtained.
Top-down approaches to improve the dispersion of sustainability dialogue
throughout communities are generally unsuccessful (Drew, 2003). Previous research
indicates that a combination of transparent top-down and bottom-up sustainability-related
initiatives leads to the greatest amount of measurable improvement with regard to
sustainable development within communities (Drew, 2003; Bugs, 2012). In short,
promotion of sustainable development in communities includes identification of
unsustainable human behaviors or activities, establishment of community-based
sustainability priorities and agendas, and offering individuals opportunities to participate
in sustainability-related activities (Conroy and Berke, 2004; Saha and Paterson, 2008).
The more individuals that take part in sustainability-related activities, the more
sustainable societies will likely become. For example, as public participation in
sustainable community development increases, so does the demand for sustainable goods
and services within those communities, ultimately reducing the demand for the
1

unsustainable versions of the same goods and services. Additionally, new innovations
and technologies accompany increased demand for sustainable products. Thus, the
individuals taking part in sustainability-related activities are slowly contributing toward a
more sustainable future; yet, for any individual to participate in a sustainability-related
activity, he or she must first be aware of its existence. The exploratory study presented
herein attempted to investigate if geographical information systems (GIS) can serve as an
effective way to present individuals with information about how to participate in
sustainability-related activities and lifestyles within their communities.
GIS provide a set of tools for collecting, analyzing, storing, and visualizing spatial
information (Huang, 2017). Spatial applications, such as web-based GIS maps, may
increase the spatial awareness of users by promoting cognitive mapping and providing
individuals with access to spatial information. Additionally, web-based GIS services and
applications, present a venue through which to communicate and engage public
participation utilizing geovisualization, or interactive mixed-media, principles and
approaches (Aitken and Valentine, 2014). A web platform utilizing GIS is also important
for readily communicating vast amounts of information visually since graphics and
visualizations reduce the need for many words, pages, and links for participants to
navigate (Kerski, 2013). In short, GIS web-based maps can be used to promote open
dialog and improve public access to information about a wide variety of subjects (Sieber,
2004); yet, while prior research on mapping has validated the use of interactive maps to
advance civic engagement and public participation (Crampton, 2009; Elwood and
Leszczynski, 2013; Fechner and Kray, 2014), sustainable community development has
not been the primary focus of these studies.
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Multiple GIS web applications are in existence, yet it is not uncommon for GIS
web applications to be difficult to navigate, lack a measure of performance, and/or offer
limited information towards improving public involvment in sustianability-related
activities. Additionally, research concerning the ability of GIS web-based maps to
enhance public participation in sustainability-related activities is limited. This
preliminary research began to explore the influence of four Environmental Systems
Research Institute (Esri) story map design templates (series, shortlist, crowdsource, and
tour) on participation in sustainability-related activities among individuals who
previously expressed interest in sustainable lifestyles.
Story maps are a collection of template application designs provided free to public
account users by GIS software vendor, Esri (Esri, 2017a). These maps combine narrative
text, graphic images, and videos, with GIS-based maps to create user-friendly web GIS
applications. Story map templates are designed so that any individual, regardless of his or
her training in GIS, can create a GIS-based dynamic visualization using provided
tutorials for assistance (Esri, 2017a). A gallery of existing story maps is available on a
wide array of topics from Rohingya Refugee Emergency at a Glance to A Tale of
Traveling Trash, Stormwater in Your Backyard, the invasive animals in U.S. Forests, and
Wisconsin Wetlands, among many others. Story maps are published using the ArcGIS
Online platform either as web apps or customized story maps templates. New story maps
are created daily, yet research on how best to communicate information, encourage
participation in an activity, or engage story map users is limited. Specifically, despite the
potential for meaningful contribution, story map research is rather limited, yet all studies
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that have been conducted about story maps have reported prevalent usefulness of the
applications (Battersby and Remington, 2013; Strachan, 2014).
Story maps are designed to be engaging while quickly conveying spatial
information. The story map platform reduces the complexities of the cognition process
and improves the possibility of a map user to add information to his or her mental map
(Lambiotte et al., 1989; Roth, 2013). Information about sustainable entities or activities in
a region most often pertains to a single entity, which may not be beneficial to
encouraging participation in multiple sustainability-related activities; however, story
maps can display a multitude of activities in a variety of formats in one location (Lamb
and Johnson, 2010; Longley et al., 2015), which can increase participation in activities
related to the topic presented in the map.
In summation, each community varies in site and situation. What satisfies
sustainability goals for one community many not necessarily be the best choice for all
communities (Bridger and Luloff, 1999). Maps representing opportunities to participate
or learn about sustainability within a community should reflect these differences of
location (Innes and Booher, 2000). As story maps are easily made by individuals, this
tool, along with the entire ArcGIS Online platform, should be considered in the
promotion of sustainability goals; the story maps can be readily designed to represent
each individual community and can be created by the community members themselves,
thus encouraging a vested community interest. Determining the influential capabilities of
story maps on learning and participation is a step towards further promoting their use
within a larger population and towards understanding how they can be designed to meet
the needs of users.

4

1.1 Research Questions
Understanding which story map designs are most effective at communicating
sustainability-related information and/or encouraging participation in sustainabilityrelated activities is among the first steps to ensuring that meaningful outcomes result
from the future use of these visual tools. Additionally, by evaluating the influences of
Esri GIS story map application design on participation in community activities,
developers of these communication tools can better identify the relationship between
spatial awareness, GIS, and public engagement and, subsequently, establish best design
practices for future story map applications and template designs. The purpose of this
exploratory study was to begin to investigate the question, “How can the design and use
of Esri story maps help to visualize sustainability entities within a community and
increase participation in sustainability-related activities among populations that have
expressed interest in sustainable lifestyles?” Sub-questions for this research included:


How does perceived likelihood of participation in sustainability-related
activities change with story map design?



How user-friendly are the shortlist, tour, series, and crowdsource Esri story map
design templates?



Do story map users’ understanding of sustainability activities change with
exposure to different story map designs?
In order to begin answering these research questions, story maps featuring a

variety of sustainability-related activities had to developed, which meant multiple study
sites with a diversity of sustainability-related businesses and activities had to be
identified. The sustainability-related features of three U.S. counties were featured in the
maps: Warren County, Kentucky; Skagit County, Washington; and Barron County,
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Wisconsin. The researcher did not aim to draw conclusions about differences in
participation between the locations featured in the created story maps; however, the
dataset did highlight interesting areas for future investigation with regard to how the
amount and breadth of existing sustainability initiatives in a community may influence
the usefulness of a story map for residents of that location.
Each map application contained the same four Esri story map design templates:
series, shortlist, tour, and crowdsource. The story map applications were distributed
electronically in the featured locations using social media, email distribution, and website
advertisement. Research participants were asked to complete a digital survey regarding
their experiences with each story map after exploring the developed applications. The
survey data were then analyzed to assess story map design influences on participation in
sustainability-related activities, learning, and usability. Despite efforts to improve survey
response rates, the number of surveys collected through this research was low;
nonetheless, the preliminary data set may indicate that story map applications can
increase participant accessibility to sustainability-related information and improve the
likelihood of map users participating in a sustainability-related activity. Of the four story
map designs assessed as part of this study, the shortlist design appears to be the most
effective at informing and encouraging participation in sustainability-related activities.
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CHAPTER TWO: LITERATURE REVIEW
2.1 Sustainability in Communities
The term sustainability was first coined in the 1700s by German mining
administrator, Hans Carl von Carlowitz, in response to concerns of deforestation
(Carlowitz, 1713), yet the term did not gain popularity until the 1980s. Sustainability
traditionally rests on three pillars: economy, environment, and social equity (Opp and
Saunders, 2013). Every community’s definition of sustainability is subjective and varies
with geography since each location has its own characteristics, but themes in social
justice, economic security, and environmental protection (Figure 2.1) are common among
many places. In general, communities should strive to be economically sound, where
investments work to sustain natural and human resources while providing ample financial
returns. These communities must also encourage decision-making that reduces the
environmental impact of population growth and development. Lastly, to be a sustainable
community, social equity must be fostered so that benefits are evenly distributed
throughout all sectors of the community.
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Figure 2.1. Theme examples for the pillars of sustainable development. Adapted from
Bryden (2007, 17).

As sustainability efforts have increased in quantity and depth over time, research
in the sustainability field has shifted from identifying what is sustainable to devising
methods for how to best promote sustainability in communities (Kemp et al., 2005). A
place-based community approach to sustainability must be flexible and allow for the
development of policies that are sensitive to the strengths and barriers intrinsic to
particular places (Bridger and Luloff, 1999). Sustainability indicators, which measure the
progress towards the goals of making economies secure, upholding social equity, and
maintaining environmental integrity, are often used to assess the current state of
8

sustainability within a community and to provide success targets for which to strive
(Reed et al., 2006).
Sustainability indicators can identify whether a community is unsustainable,
providing insight into what community-based issues need addressing. Many possible
models of sustainability indicators exist, with none in the forefront of acceptance, making
it difficult to determine an appropriate set of measurement for success with regard to
sustainable development (Innes and Booher, 2000). In 2007, the United Nations
Commission on Sustainable Development (UNCSD) created a set of indicators for
sustainable development. The Commission identified fourteen themes over which the
indicators apply on local and global levels: 1) poverty, 2) governance, 3) health, 4)
education, 5) demographics, 6) natural hazards, 7) atmosphere, 8) land, 9) oceans and
coasts, 10) freshwater, 11) biodiversity, 12) economic development, 13) global economic
partnership, and 14) consumption and production patterns (UNCSD 2007). This set of
indicators attempts to measure sustainable development within local communities on a
global scale, yet no current indicator system currently exists that can irrefutably
determine the sustainability status of all communities. Instead, to meaningfully measure
and work towards achieving sustainability within a community, a geographic
understanding of the community must be evaluated with regard to all local values, needs,
and regulations, and the individuals living within the community must be provided with
an opportunity to participate in sustainability-related actions (Innes and Booher, 2000).
Additionally, sustainable community development is a grassroots effort that develops
responsibility, opportunity, and cooperation; for successful outcomes, the populace must
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possess the awareness to recognize problems and have the motivation to remedy them
from their point-of-view (Frank and Smith, 1999).

2.2 Sustainability and Participation
In order to promote sustainable development in communities, three things must
occur: human activities that run counter to sustainable living must be identified and
evaluated, community-based sustainability priorities and agendas must be established,
and individuals must be presented with opportunities to engage in sustainability-related
activities, such as recycling, conserving water, eating locals foods, shopping at nonfranchise businesses and farmers’ markets, growing a vegetable garden, and bicycling
and walking, among other items (Conroy and Berke, 2004; Saha and Paterson, 2008).
The research presented herein broadly focused on the latter of these three criteria by
attempting to uncover effective ways to present members of a community with
information about how to participate in sustainability-related activities and lifestyles.
Citizen participation can be described as “a process in which individuals take part
in decision making in the institutions, programs and environments that affect them”
(Heller et al., 1989, 339). The term ‘participation’ can invoke anything involving people
and can be sculpted to fit nearly any framework (Cornwall, 2008). The most prominent
taxonomy of participation types is Arnstein's (1969) Structures of Participation
Hierarchy, which puts forth that the lowest levels of participation are simply informative,
while higher levels invoke partnership and delegation power. For example, informing is
an important step towards participation and according to Arnstein (1969), the first step; as
steps are taken up the ladder of participation, more citizen control is gained with each
step (i.e. partnership, delegation, then citizen control).
10

Motivation for participation can stem from multiple avenues, such as desire to
learn or have fun (Raddick et al., 2010), identity creation (Goffman, 1959), or identity
endorsement (Zhao et al., 2008). Batson et al. (2002) identified four classifications of
motivation in community involvement: egoism (doing for the sake one’s self), altruism
(doing for the benefit of another/others), collectivism (doing for the sake of one’s group),
and principlism (doing for the sake of upholding one’s principles). Participation is, thus,
promoted through the ability of an individual to obtain information that aligns with his or
her own priorities (Florin and Wandersman, 1990); yet, regardless of the motivation for
involvement, among the many benefits of public participation in community activities are
improved social cohesion and interpersonal relationships (Speer et al., 2001) and a sense
of political and personal empowerment (Cole, 1981; Speer et al., 2001).
Information about sustainability-related entities in any particular community is
most commonly shared with the public through typical forms of communication, such as
internet media, mail, phone, email, print, or audio advertisement (Naik and Peters, 2009);
yet, this content frequently represents information pertaining to only one sustainability
entity. Traditional methods of information disbursement may or may not be favorable for
those persons who wish to gain information on a variety of sustainable activities and
these methods may also not be conducive to encouraging participation in multiple
sustainability-related activities. In contrast to traditional methods of information
disbursement, story maps can showcase a variety of activities in many formats (Lamb and
Johnson, 2010; Longley et al., 2015). By offering a breadth of information in a single
location, the content of story maps can be easily aligned with the interests or motivations
of multiple individuals; in turn, story maps may help to increase the likelihood of an
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individual participating in activities related to the topic presented in the map (Florin and
Wandersman, 1990; Batson et al., 2002). Moreover, as multiple locations can be
showcased in a single story map, through interaction with a story map, there is an
increased likelihood of individuals recognizing their relative location or proximity to
activities, entities, or businesses, which is a process that improves the spatial awareness
of the map viewer (Tuan, 1977; Kitchin and Blades, 2002).

2.3 Spatial Awareness and Geovisualization
Advancements in internet access, geographic information systems (GIS), and
interactive mapping technologies have transformed the ways in which humans interact
with spatial data and improved the ways in which societies makes sense of spatial
information (Robinson and Nelson, 2015). Human spatial behavior is dependent on an
individual’s spatial awareness of any given environment (Montello and Freundschuh,
2005). Brown et al. (2015) proposed an individual’s place attachment, or the boundaries
to which an individual strongly identifies, is akin to the biological term ‘home range’.
Home range is the area in which one commonly travels for food, mating, and socializing.
The idea of home range is supported by Powell and Mitchell (2012) who indicated a
person’s physical environment and their mental map of places to go are designed to meet
human needs as described by home range. Improved spatial awareness for a map user is
likely to increase through use of highly interactive, user-driven spatial information such
as that which can be presented in Esri story maps. Additionally, research on mapping
supports the use of interactive maps to also improve public participation and civic
engagement within communities (Crampton, 2009; Elwood and Leszczynski, 2013;
Fechner and Kray, 2014).
12

The information gathered through interactions with maps could be interpreted as
viewing a portion of the map-makers mental map since maps can be vulnerable to
subjectivity (Monmonier, 1996). As maps are finite and cannot accurately represent an
infinite world, and are also reliant on the spatial awareness of the map maker, it is
important for users to understand these unintentional biases do occur and to not accept
maps unquestioningly (Monmonier, 1991). For this reason, it is important for content of
maps to be evaluated by individuals living in the location featured on the map.
GIS, “…lets us visualize, question, analyze, and interpret data to understand
relationships, patterns, and trends” (Esri, 2016, np.) and is considered the best tool for
dealing with any issue related to space, thus making it an indispensable platform in the
promotion of sustainability within communities. Geovisualization is the process of
creating visualizations of spatial relationships in the form of maps, graphics, and images
(Crampton, 2001). More complexly, geovisualization can be interpreted as using concrete
visual representations “to make spatial contexts and problems visible so as to engage the
most powerful human information-processing abilities, those associated with vision”
(MacEachren and Monmonier, 1992, 101). Geovisualization is a set of techniques used to
support engagement with geospatial data by making GIS maps more interactive through
mixed-media approaches (Aitken and Valentine, 2014).
Geovisualizations are founded in the understanding that cognition shapes spatial
awareness (Ricker et al., 2014). Spatial cognition research discusses the process through
which individuals develop spatial knowledge, or awareness, a process of direct and
indirect experience (Montello and Freundschuh, 2005). Cognition is innately perceptual;
as the perceptual state of unconscious mental representations and (optional) conscious
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experiences arises, a subsection, or primal sketch, is procured via selective attention
(Marr, 2010). The primal sketch is then molded by knowledge and stored permanently in
long-term memory (Barsalou, 1999). Upon retrieval, perceptual memories “can function
symbolically, standing for referents in the world, and entering into symbol manipulation”
(Barsalou, 1999, 578). Collectively, perceptual symbols form mental representations with
underlying cognition (Barsalou, 1999).
Experiential realism, or the feedback from experiences that alter mental
representations to match reality (Lakoff, 1987), is the basis of geographical
representation in GIS (Mark and Frank, 1996). As a person’s sense of reason and
decision-making cannot improve beyond subjective knowledge, cognition often
influences behavior more than objective reality (Mark, 1999). In the cognition stage of
mental processing, the primal sketch is coded into a visual array, which is then translated
to a visual description that with graph schema produce message and question (Pinker,
1990). The message and question are comparable to the subjective knowledge of a map
user; the more objects that are “close to the prototypical object [mental representation] in
the memory of the reader, the easier the task is” (Palka et al., 2013, 15). Consequently,
the more complex the message and question, the more processing that is required to build
new knowledge (Ratwani et al., 2008). Story maps engage a user and quickly convey
spatial information in an effort to decrease the complexities of the cognition processes
and improve the likelihood of information being added to a story map user’s mental map
(Lambiotte et al., 1989; Roth, 2013).
Based on theories of spatial cognition, the researcher of this project sought to gain
understanding of the influence of interactive Web GIS applications used to visualize

14

sustainability-related entities on participation in sustainability-related activities; the
researcher also sought to understand the influence of story map design choice in this
process. The story map applications are not unlike other applications already in existence
for areas of public interest, such as Google Maps, which can map restaurants near a
current location (Figure 2.2). Numerous entities regularly enlist similar mapping
technologies in an effort to promote volunteerism, engage citizens, and community
planning or protest, among other activities (Peng, 2001; Leszczynski, 2012; Elwood and
Leszczynski, 2013).

15

Figure 2.2. Example Web GIS application used to increase spatial awareness. Sourced from Google Maps (2017).
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2.3 Web GIS Applications
The way in which humans are interacting with the world and each other is
ubiquitous with digital technologies, at least in many parts of the world (Peng, 2001;
Kitchin and Dodge, 2011). Web GIS increases access to spatial information (Dragićević,
2004). Additionally, the emergence of Web GIS, or internet-based GIS services and
applications, provides an avenue through which to communicate and engage public
participation in sustainability-related activities utilizing geovisualization principles as a
guide. A web platform utilizing GIS is important for readily communicating vast amounts
of information visually since graphics and visualizations reduce the need for many words,
pages, and links for participants to review and navigate (Kerski, 2013). Weinreich et al.
(2008) found that, as web-page word use increases, the attention and retention time of the
user decreases; people are more inclined to engage with something that will hold their
attention, such as multimedia visualizations within an interactive platform. By utilizing
the web as a platform and geovisualization principles as a guide, the researcher of this
project sought to create a Web GIS application that could not only hold a user's attention,
but also educate and improve spatial awareness of sustainability activities within a
specific community. Additionally, to provide public access, the researcher sought to
investigate a Web GIS application interface designed to accommodate individuals with
narrow web experience (Poplin, 2015), run in common web browsers, and use software
that is readily available, such a Java (Rinner, 2001).
There are a variety of web-based GIS software, such as QGIS, Grass GIS, and
ArcGIS Online that satisfy many important aspects of using geovisualization to
encourage improved spatial awareness for an individual. While most GIS software is
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directed at GIS professionals, ArcGIS Online offers a free public account that anyone can
create at no cost for educational purposes only. ArcGIS Online was designed to
accommodate a variety of individuals, including those without GIS experience.
Developers of the platform created an intuitive framework to allow for GIS mapping and
application production with the guidance of short tutorials (Esri, 2017a). ArcGIS online
was the chosen software for this research, due to its inclusionary nature and the fact that
it supports geovisualization principals through its story map application templates.

2.3.1 Participatory Mapping and Story Maps
The technologies of today place powerful web mapping tools into the hands of
every web-connected person. The use of multimedia components increases engagement
of an end user by grabbing and sustaining his or her interest (O’Brien and Toms, 2008).
The leading easy-to-use web mapping tool available today is the Esri story maps platform
(Kerski, 2013); this platform enables individuals to tell their stories through live maps,
narrative, graphics, video, and audio. Additionally, certain Web GIS application designs,
such as the Esri story map crowdsource design, evoke principles of participatory mapping
through public data entry (Sieber, 2006).
Esri story maps (Figure 2.3) provide a platform for innovative story-telling using
geovisualization and immersive GIS Web applications. Story map applications have a
narrative framework that geographically orients users through progression of the ‘story’.
The applications are an integration of multimedia sources brought together to create the
story map (Esri, 2017a). Story map applications allow users to skip certain parts of the
map that do not hold interest, navigating the story as they desire, ultimately customizing
the experience to take on qualities of participatory mapping for the user.
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Figure 2.3. Example story map application (created by author).

The field of participatory mapping in part evolved in response to the realization
that GIS was failing to serve society as a whole (Obermeyer, 1998). Specifically, with the
intent of making GIS more accessible and inclusive to nongovernmental voices, the
National Center for Geographic Information and Analysis (NCGIA) defined participatory
mapping as, “a variety of approaches to making GIS and other spatial decision-making
tools available and accessible to all those with a stake in the official decisions”
(Obermeyer, 1998, 65). Many participatory Web GIS applications are now developed
with the intention of improving the spatial awareness of the general populace (Kingston,
2011). Participants use forms of participatory mapping to include their personal inputs,
obtain information, and/or provide solutions and goals to identify problems (Sieber,
2006). Instead of using GIS in a traditional manner, participatory mapping unites the
technical dimensions of GIS to local knowledge. The results are spatial stories that assist
in characterizing local space (Elwood, 2006). In short, the objective of participatory
mapping is to present and organize applicable information through visualizations not
available for use through other mapping methods (Sieber, 2004).
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Despite the potential importance of participatory mapping in societies, story map
research is rather limited; all studies which have been conducted about story maps have
indicated the widespread usefulness of the applications. For example, Battersby and
Remington (2013) incorporated story maps into an undergraduate senior seminar project
by giving students the task of communicating the results of a semester-long project; of
the 19 students that participated in making story maps during the course, four were
interviewed as part of the study. The students chosen for interview were from different
story map project groups and had diverse backgrounds (i.e., not all GIS majors). Overall,
student feedback to the use of story maps were positive, as students “found story map
templates easy to use, enabling them to design more exciting, interactive web-based maps
than would have been possible with other technologies available to them” (Battersby and
Remington, 2013, 63). The same authors also emphasized that students with a focus in
GIS had an initial advantage in the use of the map, yet most students were able to readily
understand concepts and realized they did not need to have a GIS background to make a
great story map.
Strachan (2014) found that educators felt favorably toward story maps as
enhancement to instruction, citing them as “…user-friendly, engaging and interactive,
and enjoyable for students” (52). The researcher revealed that most survey participants
(n=42) used story maps in the classroom, with a preference to pre-made story maps. The
Strachan (2014) study was, however, completed before the existence of multiple story
map template designs (e.g., crowdsource, shortlist).
Story map user feedback was assessed in Graves (2015) using focus groups to
provide feedback on experiences with a story map journal design that was utilized to
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explain the history of superfund cleanups. Results from the focus groups spoke mostly to
the content or subject matter of the story map, but also indicated a need for increased
meaning of the data (e.g., local implications visualized). Additionally, the Graves (2015)
study revealed that display issues in certain web browsers, along with limitations to data
visualization capacities, were problematic for the story map users. The aim of this
research was to build upon the Graves (2015) and Strachan (2014) studies by evaluating
story map usability and design influences to user learning and participation.

2.4 Summary
The establishment and distribution of sustainability-related literature is not
creating a more sustainable world, the people taking part in sustainability-related
activities are doing this (Frisk and Larson, 2011). The more individuals that take part in
sustainability-related activities, the more sustainable societies will likely become; yet, for
individuals to participate in an activity, they need to be aware of its existence. With
advancements in internet availability and capabilities, seeking wanted information with
the click of a mouse is second-nature to many. For example, individuals may turn to
Google maps, a GIS platform, to find spatial information such as restaurants near me.
These applications work to improve spatial awareness by way of cognitive mapping.
Providing a platform for which individuals can interact to access spatial information on a
variety of sustainability-related activities may increase spatial awareness of the user and
therefore increase the likelihood of participation in a sustainability-related activity.
There is limited research into the usability and participation influences of Esri
story maps. This research attempted to explore the influences of story map designs on
participation in sustainability-related activities. For this study, story map applications
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were created using existing story map templates to visualize sustainability features and
entities in three locations. By beginning to evaluate the influences of Esri GIS story map
application design on participation in community activities, developers of these
communication tools can better understand the relationship between spatial awareness,
GIS, and public engagement and, subsequently, establish best design practices for future
story map applications and templates.
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CHAPTER THREE: STUDY SITES
3.1. Site Selection
Sustainability-related activities and businesses from three locations were chosen
to be featured in the story maps created as part of this research: Skagit County,
Washington; Barron County, Wisconsin; and Warren County, Kentucky (Figure 3.1). The
researcher did not aim to draw conclusions about differences in participation between the
locations featured in the created story maps. The dataset did, however, inadvertently
highlight interesting areas for future investigation with regard to how the amount and
breadth of existing sustainability initiatives in a community may influence the usefulness
of a story map for the residents of that location.
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Figure 3.1. Map of locations featured in developed story maps (created by author).
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Skagit and Barron Counties were included in this study per the following site
selection process. First, since sustainability-related activities and entities were to be
mapped, counties with an adopted sustainability model were identified. The most
common, or prevalent, sustainability model adopted in a variety of locations is the
Transition Model created by the Transition Network, an international organization
seeking to inspire, connect, support, and train communities as they adopt the model
(Transition Network, 2016). The Transition Model provides a framework to reduce
carbon emissions, support social justice, encourage personal wellbeing, improve local
economies, and overall develop resilient sustainable communities. Transition U.S. cities
provide the domain for public participation in sustainable community development that
was needed for this research. Transition U.S. administrators supplied the researcher with
a list of networks (i.e. cities/counties) with whom they commonly had communication.
The researcher confirmed active status of each network member by reviewing the
network’s website and social media presence. If there was no activity within the last 60
days, the initiative was removed from the pool of potential counties to be featured in the
maps. The transition network personnel of the remaining counties were then contacted to
determine their interest in the research; transition networks that did not wish to partake or
did not respond were removed from the pool.
Population was the next factor considered in the selection of which would be
featured in the story maps to ensure that both a rural and urban location was included in
this research. According to the U.S. Census Bureau, urban areas have populations of
50,000 or more; consequently, for this study, locations with populations lower than
50,000 were considered rural and those greater considered urban (United States Census
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Bureau, 2010a). Due to the time needed to feature all sustainability-related businesses in
large municipal locations, as well as the likely complexity of such a story map, all
counties with populations exceeding 150,000 were removed from the pool of potential
featured locations. Next, to give some consideration to the inclusion of diverse locations,
poverty, education, median age, geographic location, primary employment types/status,
and race/ethnicity for the remaining sites was reviewed and two locations were selected:
Skagit County, Washington (urban) and Barron County, Wisconsin (rural). Warren
County, Kentucky was the third study site location of this research. The creation of a
story map relevant to the researcher’s familiar space, Warren County, helped to identify
known sustainability areas in the story maps created for the other locations featured in the
maps that may have otherwise been missed.

3.2 Featured Locations
3.2.1 Skagit County, Washington
Skagit County, Washington is an urban population in northwest Washington,
located between Seattle and Vancouver (Figure 3.2). The majority of Skagit County sits
on the mainland U.S.; the County also includes several islands in the Salish Sea. Skagit
County is situated north of Snohomish County, which is home to one of Washington’s
most active volcanoes, Glacier Peak. The land area Skagit County is 4,483 km2, with a
population density of 174.82 people per square kilometer (pop/km2) (United States
Census Bureau, 2010b).
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Figure 3.2. Regional map of Skagit County, Washington (created by author).
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Crops, livestock, and dairy farms occupy nearly 36,421 hectares in Skagit County,
generating $300 million worth of product for the local farmers (Washington State
University, 2017). Over 90 different varieties of crops are produced in the area, including
daffodils, iris, and tulips, of which Skagit County leads the United States in production.
(Washington State University, 2017). Skagit County also leads the United States in the
production of spinach, beet, and cabbage seed (EDASC, 2017). The valley of Skagit
County offers a great habit for ducks and geese (Washington State University, 2017).
While the majority of farmland is cultivated using unsustainable conventional farming
methods, organic farm land comprised over 2,428 hectares in Skagit County in 2015
(Washington State University, 2017). Additionally, although known regionally for
agriculture, manufacturing accounted for 33.4% of its gross domestic product (GDP) in
Skagit Count in 2013 (Vance-Sherman, 2015).
The Skagit Public Utility District, founded in 1936, provides clean and reliable
water and utilities to about 65,000 people through over 956 kilometers of pipeline (Skagit
Public Utility District, 2017). The water comes from the Cultus Mountain watershed and
is held in the Judy Reservoir (Skagit Public Utility District, 2017). Puget Sound Energy
provides electric for Skagit County, and natural gas usage is provided by Cascade Natural
Gas (City of Mount Vernon Washington, 2017). Skagit County has a public wi-fi
network with free access available in all government facilities (Skagit County, 2017a).
As of 2016, Skagit County had an estimated population of 123,681 and was
comprised of 75.0% Caucasian, 1.0% Black or African American, 18% Hispanic, 2.7%
American Indian/Alaskan Native, 2.3% Asian, and 3.1% considered themselves two or
more races (United States Census Bureau, 2010b). Median household income in 2016
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was $56,433. Approximately 61% of the Skagit County residents have either earned a
college degree or participated in college classes, while roughly 25% of residents have
earned a high school diploma, GED, or alternative certificate (Esri, 2017b). As of 2017,
nearly 20% of the population of Skagit County was over the age of 65; the
unemployment rate was 6.14% the same year. Over 63% of labor force establishments
have only one to four employees (EDASC, 2017). The employable population of
individuals 16 years or older was projected at nearly 54,000 in 2017, with 54% of the
working population employed in white collar jobs and approximately 25% in blue collar
occupations. Further, 2017 population projections estimated over 11.1% of occupations
in Skagit County were in manufacturing, with a mere 3.7% in agriculture (Esri, 2017b);
in contrast, roughly 47% of jobs were in the service industry the same year. In 2010, over
50% of the total population of 116,901 lived in an urban area (United States Census
Bureau, 2010b).
Of the three featured counties, Skagit County has invested the most resources
towards sustainability efforts, and a large portion of the population seem to embrace a
sustainable way of living. For example, committed to lead the nation in energy savings,
Anacortes, a city in Skagit County (see Figure 3.2), is one of 53 cities competing for the
five-million dollar Georgetown University Energy Prize, which is an initiative with a
mission to spur sustainable energy innovations in the U.S. To win the prize, the
Anacortes community has established the Anacortes Community Energy Challenge to
work to reduce energy use throughout the city (Anacortes Community Energy, 2016).
Skagit County also applied for and received nearly $500,000 from the Department of
Energy through the American Recovery and Reinvestment Act. The grant award was
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used to fund sustainability and energy efficient practices, such as conservation projects,
recycling programs, a resource conservation program, fuel-efficient vehicles, and a
stewards of climate organization which offers training on climate change and greenhouse
gas emissions reductions (Skagit County, 2017b).
Transition Fidalgo & Friends, the Transition U.S. network in Skagit County,
became an official member of the Transition U.S. network in 2011, though the
organization has been working since 2006 towards increasing community awareness of
climate change under the program Skagit Beat the Heat (Transition Fidalgo & Friends,
2017). The group’s most recent sustainability-related accomplishments included donating
over 600 lbs. of produce grown in community gardens to local food banks, developing a
seed exchange program, supporting community solar projects, establishing a skill share
community workshop series to teach community members a variety of sustainabilityrelated skills (e.g., food production, energy efficiency), and creating a climate and energy
newsletter, Catalyst (Transition Fidalgo & Friends, 2017). Participation rates for
Transition Fidalgo & Friends events fluctuate greatly from anywhere between 25 to 120
participants for a typical event. Monthly group meetings average between 55 and 80
attendees per meeting (Shen, personal communication, 2016).

3.2.2 Barron County, Wisconsin
As defined by the U.S. Census Bureau, Barron County, Wisconsin represents a
rural population in the midwestern United States (Figure 3.3) (United States Census
Bureau, 2010a). Barron County is situated alongside Hay River, and is just west of the
Great Lakes, approximately 144 kilometers northeast of St. Paul and Minneapolis. The
land area of Barron County is 2,234 km2 with a population density of 137.79 pop/km2
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(United States Census Bureau, 2010b). Barron County has 224,292 hectares of fairly flat
or gently sloping central plains, with over 65% of these hectares used for growing
agricultural crops in 2012 (BCSWCDLS, 2011; USDA, 2012a). In 2010, nearly 66% of
the total population lived in a rural area (United States Census Bureau, 2010b).
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Figure 3.3. Regional map of Barron County, Wisconsin (created by author).
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In 2011, over 93,077 hectares of land in Barron County was cultivated for
farming. The majority of cropland is used for growing conventional crops, such as corn,
hay, and grass silage (USDA, 2012a). Barron County led Wisconsin and was seventh in
the U.S. for turkey distribution in 2012 (USDA2012a); the total of crop and livestock
production was up 66% from 2007 the same year. In 2012, Barron County had six
organic producing farms, totaling $482,000 in product sales (USDA, 2012b).
The Barron Electric Cooperative has supplied Barron County with electricity
since 1936; their network has over 4,828 kilometers of line infrastructure (Barron Electric
Cooperative, 2017). The County currently has over 20 recycling drop-off locations.
Residents except those in the city of Rice Lake are required by a recycling ordinance to
recycle all tin, steel, aluminum, and glass containers; penalties for not following the
recycling ordinance range from $50-$2,000, depending on the number of offenses
(Barron County Government, 2017).
In 2016, the Barron County population of 45,412 was comprised of 93.5%
Caucasian, 1.4% Black or African American, 2.5% Hispanic, 1.0% American
Indian/Alaskan Native, 0.5% Asian, and 1.3% considered themselves two or more races
(United States Census Bureau, 2016). In 2017, 13.1% of the population held a bachelor’s
degree or higher (Esri, 2017b). Median household income in 2010 was $30,822 (United
States Census Bureau, 2010b). The employable population of people 16 years of age or
older in Barron County was projected at almost 24,000 in 2017; nearly half of the
working population of was employed in white collar jobs, and 35% of individuals were
employed in blue collar jobs. Farmers only accounted for roughly 3% of the employed
population in 2017 (Esri, 2017b).
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Barron County has farmers’ markets and community-supported agriculture and
gardens, but is lacking a city-centered sustainability effort. Hay River Transition joined
Transition U.S. in 2009 (Hay River Transition Initiative, 2017). The largest event hosted
by Hay River Transition Initiative is an annual Traditional and Green Skills Day. At this
event, participants learn about a variety of skills related to irrigation, home births,
fermentation, blacksmithing, and food storage. The group also offers a time bank for
exchange of volunteer hours, seed library, canning library, and annual seed swap (Hay
River Transition, 2017). Participation rates for Hay River Transition events fluctuate
greatly, with an average of 5-20 for a typical event. At larger events, such as the annual
Traditional and Green Skills Day event, approximately 150-210 individuals may
participant (Adams, personal communication, 2016).
The University of Wisconsin Extension has plans to develop community gardens
in Barron County (BCUWE, 2017). Some of the plans include a large crop area to be
maintained by volunteers and garden organizers; the food grown in this area will be
donated to local programs that aid seniors and others in need. The gardens will include
water barrel systems for rain collection, raised garden beds, wheel-chair accessible
pathways, and individual plots for cultivation; a sensory garden is to be used in an
educational/therapeutic area of the garden. The mission of the community garden is to
assist, educate, and unite people from various cultures (BCUWE, 2017). Despite these
efforts, sustainability initiatives are the most limited in this study site when compared to
the other two study locations.
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3.2.3 Warren County, Kentucky
As defined by the U.S. Census Bureau, Warren County, Kentucky represents an
urban population in the southern United States (Figure 3.4) (United States Census
Bureau, 2010a). Warren County is located in south-central Kentucky, about 105
kilometers north of Nashville, Tennessee and 230 kilometers south of Louisville,
Kentucky. The land area of Warren County is approximately 1,403 km2, with a
population density of 544.16 pop/km2 (United States Census Bureau, 2010b). In 2010,
nearly 70% of the population lived in an urbanized area (Esri, 2017b). Warren County is
home to the National Corvette Museum, as well as the GM Corvette Manufacturing
Plant. The County is also known for its karst terrain and is located only 48.28 kilometers
from the world’s longest cave, Mammoth Cave. Western Kentucky University, which has
a campus population of 20,000 students and over 3,000 faculty and staff, is also located
in Warren County, Kentucky (Western Kentucky University, 2016).
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Figure 3.4. Regional map of Warren County, Kentucky (created by author).
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Warren County, Kentucky has 141,413 hectares of mostly undulating to hilly
terrain, with over 59% of the land area used for growing crops in 2012 (USDA, 2012b).
Nearly all of the farmland in Warren County is cultivated using unsustainable
conventional farming practices, such as monoculture production, excessive water use,
and application of harmful chemicals (Rigby et al., 2001). The total value of crop and
livestock production in Warren County was nearly $114,705,000 in 2012, up 54% from
2007. The majority of cropland in Warren County is used for growing corn, soybeans,
and grain. The County led Kentucky in fruit, tree nuts, and berry distribution in 2012
(USDA, 2012b). In 2012, two Warren County farms reported as transitioning to organic
farming practices (USDA, 2012b).
Of the 125,532 individuals who lived in Warren County in 2016, 79.8% were
Caucasian, 9.3% were Black or African American, 5.2% were Hispanic, 3.6% were
Asian, 0.3% were American Indian/Alaskan Native, and 2.3% considered themselves two
or more races (United States Census Bureau, 2016). In 2017, individuals holding a
bachelor’s degree or higher was projected at 28.1% of the population, while 21% of the
population had participated in some college courses; just over 30% of the population had
graduate high school or completed GED or alternative credential programming (Esri,
2017b). Median household income was $44,911 in 2010 (United States Census Bureau,
2010b). The average unemployment rate for Warren County in 2017 was 4.7% (Esri,
2017b). In 2010, nearly 70% of the total population lived in an urban area. The
employable population of people 16 years or older was projected at almost 62,000 in
2017, with over half (57.2%) of the working population considered as employed in white
collar jobs and 25% in blue collar jobs; production accounted for roughly 10% of jobs in
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the County (Esri, 2017b). In 2017, approximately 16% of occupations were considered in
the manufacturing sector and nearly 50% in services; the agriculture sector employed just
over 1% of the population 16 years or older the same year (Esri, 2017b).
Warren County, Kentucky has multiple farmers’ markets, community-supported
agriculture programs, and community gardens; however, similar to Barron County, the
location is lacking a city-centered sustainability effort. Multiple regenerative agriculture
food production systems have been installed within Warren County, most notably the
permaculture garden installation at William Natcher Elementary School, where students
are involved from seeding to cooking and eating (Kercheville, personal communication,
2017; WBKO News, 2018). In 2017, the Warren County Housing Authority began
planting a 16-hectare permaculture garden for use by its residents, members of the Boys
and Girls Club, and residents of the retirement village located next door to the Warren
County Housing Authority. These gardens use natural methods of food production (e.g.,
no harmful chemicals are applied) and will require little to no supplemental watering; a
greenhouse is also onsite (Kercheville, personal communication, 2017). Warren County
is also home to one of America’s greenest elementary schools, Richardsville Elementary
(Mason, 2012). This school is a net zero energy school, the first of its kind in the U.S.,
meaning they produce all the energy that they consume and sell excess energy back to the
utility company. The school has included numerous sustainable features in its design and
operation. Visitors come from all over the world to tour the facility; the tour is led by the
elementary students themselves. When compared to the Barron and Skagit County study
sites, the sustainability efforts of Warren County are better and worse, respectively.
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CHAPTER FOUR: METHODS
For this study, story map applications were produced using the templates created
by the ArcGIS Online software provider Esri. The applications visualized sustainabilityrelated entities, such as Farms & Food, Shops & Services, and Groups in three different
locations. Each story map application contained four different Esri story map designs:
series, shortlist, crowdsource, and tour. The story map applications were designed in an
attempt to accommodate a diverse audience and be efficient, easy to use, enjoyable, and
fitted with the data quality features presented in Çöltekin et al. (2009). The researcher
also worked to incorporate the guidelines for mapping applications outlined in Newman
et al. (2010) (Table 4.1) into the developed story maps. Embedded within each story map
application was a link to a digital survey. The survey was used to gather data on
participation, learning, and usability influences of the story map design.

Table 4.1. Guidelines for mapping applications. Adapted from Newman et al. (2010).
1. Communicate the purposes of the website and the roles they support.
2. Develop customizable data entry forms that ensure data quality, yet remain simple.
3. Create simple map applications that visualize accuracy, precision, and uncertainty.
4. Add fun features to foster motivation and continued involvement.
5. Make use of web skins to target specific use cases and tasks and simplify searches.
6. Provide rich content even in the absence of user-contributed web content.
7. Avoid advertisements and animations altogether or, if required, keep them off data
entry forms, profile pages, the home page, and map pages
8. Create online questionnaire creation and delivery tools to better integrate user
feedback, participation, and program evaluation.
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4.1 Story Map Application Design
A series of story maps were created and populated with information related to
locally based sustainability-related entities (e.g., restaurants, shops, groups) and
opportunities for participation in sustainability-related activities (e.g., events, community
gardening, recycling initiatives) for each of the counties featured in this research. A
different story map design was chosen to visualize each of the following sustainability
categories: Farms & Food, Groups, Shops & Services, and You Map It. Data displayed
within the story maps were retrieved from a variety of sources, including the municipality
websites of each featured location, a gray literature search, personal communication with
sustainability professionals in featured location, and social media outlets. Items listed in
each story map design were meant to serve as a sampling, rather than complete list, of
sustainability-related opportunities within each area featured since only a sampling of
items was needed to showcase the story map designs and offer map users enough
information to be able to provide feedback about the designs to the researcher.
In total, three story maps were created for this research project, one map for each
selected location that contained four different story map design templates (series,
shortlist, crowdsource, and tour) (Figure 4.1). No computer programming was applied in
the creation of the story map applications and only existing story map templates were
used. The web GIS software used for this project, Esri ArcGIS Online, is available with a
free account subscription; the crowdsource story map design is an exception to this in that
the crowdsource application requires a subscription account or self-hosted capacity (Esri,
2018). As the series story map design can house multiple web pages, it was the design
chosen to serve as the host application for the other three story map designs (Figure 4.2).
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The choice to host the story map designs within the series template removed the need for
programming. The series story map design can present data in numbered bullets, tabs, or
expandable accordion control. Tabs were the best choice for this research, since they can
be labeled by name as shown in Figure 4.2. The research focused on computer users since
the story maps contained many visuals requiring larger screens; although the story map
application templates were intended for computer users, they did allow for mobile
viewing, not without limitations.

Figure 4.1. Visualization of four evaluated story map designs. Adapted from Esri
(2017a).
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Figure 4.2. Layout of story map elements within series design host application (created
by author).

The shortlist, tour, and crowdsource designs were inserted into the series story
map design through means of web page link, with each design occupying one of five
tabs: 1) Home, 2) Farms & Food, 3) Groups, 4) Shops & Services, and 5) You Map It!.
The tabs could be used to navigate through the story map application. All designs
contained five hyperlink-enabled icons in the upper right corner: 1) Facebook share icon,
2) Twitter share icon, 3) story map short link, 4) Start Survey icon which hyperlinked to
the survey, and 5) text stating, ‘Please Support Our Research by Taking the Survey &
Sharing’, which was also hyperlinked to the survey.

4.1.1 Story Map Home Page
The home page for each story map contained the same content. For this page, the
cascade story map design template was used. No GIS maps were used on the home page;
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research participants were, therefore, also not asked any design-specific questions about
the cascade design template.
After scrolling past the home page, users came to the What Is Sustainability
section (Figure 4.3). This section provided a snapshot of how the map creator defined
sustainability and what users could expect to see with regard to the content of the story
map. This section also highlighted the three P’s of sustainability (people, planet, profit),
in reference to the three pillars of sustainability (equity, environment, and economy).

Figure 4.3. Example sustainability story map home page (created by author).
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The next section of the home page, Using the Story Map, provided information on
how to navigate the story maps. A hyperlink allowed users to quickly navigate to this
section; its location ensured user awareness of its existence. The last portion of the home
page provided information about the research being carried out through the story map
applications. This section explained that the researcher hoped to gain insight into the use
of story maps to increase participation in sustainability-related activities (Figure 4.4).
This section also explained when to take the survey, how long it would take to complete
the survey, and advertised an incentive for participation in the research.

Figure 4.4. Research information section of story map home page (created by author).

4.1.2 Series Story Map Design
In the series design, users click a pinpoint on the map to discover more
information about the location from a pop-up box (Figure 4.5); thus, this design is userdefined and users must click on points to reveal pop-up boxes with more information
about the location. Local shops and services were showcased using this map design to
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include information such as name, phone, address, website, and image icon for each
location featured in the design.
Data included in this portion of the story map featured shops and services
typically considered sustainability-related, such as locally owned non-franchised
businesses, animal shelters, second-hand shops, and local trades and craftsmen (Hess and
Winner, 2007). As each definition of sustainability within a community is subjective,
community input would be essential to produce a true reflection of all sustainable shops
and services within each of the three featured counties. For this study, entities included in
the story map were selected to provide a basis for the research, not to serve as a complete
list of all sustainability-related entities within each county.
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Figure 4.5. Example series story map design (created by author).
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4.1.3. Shortlist Story Map Design
The shortlist story map application design (Figure 4.6) allows for the organization
of points of interest into tabs with thumbnail graphics representing each point. When
users click on locations within the map or tab areas, additional information appears. The
list of points is dynamically linked to the current extent of the map and only shows points
listed within the extent. This feature allows users to zoom into an area of interest and
easily discern locations within proximity. The use of tabs allows the user to readily
switch between various categorical topics.
Map users completely define the story they experience with the shortlist design.
For example, some users may only be interested in seafood and, thus, elect only to
explore seafood entities provided in the map; other users may only be interested in farms
and, thus, only search for information related to that topic. In choosing to only explore
the category of information these users are most interested, users are not exposed to the
information provided through the other tabs, thus creating a unique cognitive map all
their own. For this research, the shortlist design was chosen to house the farms and food
information because large amounts of data could be easily organized and presented
categorically. Multiple tabs were necessary for Skagit County, but neither Barron County,
nor Warren County contained enough farm and food data to require using more than one
tab in this design.
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Figure 4.6. Example shortlist story map design (created by author).
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4.1.4. Tour Story Map Design
The story map tour design is ideal for linear, place-based narratives (Esri, 2017a).
Users can interact with the story map by clicking sequentially through the series or
clicking on thumbnail images or map points (Figure 4.7). The tour story map design has a
guided feature, but also allows users to customize their experience by navigating to or
skipping over the parts of the map with greater or less interest to the user. For this
research, the tour story map design was used to represent sustainability-related groups.
Transition U.S. initiatives were depicted on this tab in the Skagit County and Barron
County story maps. In the Skagit County and Warren County story maps, other
sustainability-related groups in the area were also included; no other such groups were
available for the inclusion in the Barron County story map. For example, in the Skagit
County map, groups such as Skagit Conservation Education Alliance, a local group
working to promote conservation of water systems, were represented. In the Warren
County map, organizations, such as Helping Others Through Extending Love In The
Name Of Christ (HOTEL INC), were included.
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Figure 4.7. Example tour story map design (created by author).
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4.1.5 Crowdsource Story Map Design
The crowdsource story map design allows the map creator to publish and manage
crowdsourced location points for which anyone can contribute photographs and
additional information (Esri, 2017a). This design is relatively new to Esri story maps and
still in a beta stage. The design can be utilized using an enterprise account, or self-hosted
using HTML code that is provided at no cost by Esri. Map users can contribute data using
Facebook, Google, or ArcGIS accounts, or a guest login option. A vetting function allows
map creators to review and approve contributions prior to the data being presented on the
map to other users. The crowdsource story map design fulfills elements of participatory
mapping by utilizing crowdsourced data (Sieber, 2006).
Crowdsource map users can click on a blue “+Participate” icon to open the guided
user interface for submitting crowdsourced data (see Figures 4.8). To give participants an
understanding of the functionality, data points were added by the researcher prior to the
distribution of each story map. Map users click the +Participate icon, then they can ‘drag
and drop’ an image or browse to select an image file. This data acquisition method means
the design is almost entirely user-defined. As crowdsourced data, all contributions come
from the general public, and as a user clicks about however he or she wishes; the
information, or spatial awareness, the user gains is from data provided entirely by another
user of the story map. Ideally, community members would contribute to the composition
of the story map and define what sustainability is within their respective communities.
Table 4.2 summarizes the major characteristics of each of the story map design templates
included in this study.
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Table 4.2. Summary table of story map design characteristics.
SERIES TOUR SHORTLIST
Set of places
X
X
A narrative provided
X
X
Show photos for each
X
X
Location
Crowdsourced from
audience
Organized into
X
X
categories
Audience clicks
X
X
through tabs
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CROWDSOURCE
X
X
X

Figure 4.8. Example crowdsource story map design (created by author).
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4.2 Story Map Survey
A digital survey link was located within each mapping application to collect data
on sustainability-related participation, learning, and usability influences of the story map
designs. Prior to data collection, all story map applications and the survey instrument
were tested through a standardized offline survey validation process. Specifically, the
researcher collected feedback from ten Warren County, Kentucky community members
who responded to questions about the designs and survey. Validation participants were
instructed to bring attention to any terms, functions, items, or questions they felt were
unclear. The validation process allowed the researcher to refine any elements that
appeared vague or confusing to the participants, as well as reword any portions of the
survey that could inadvertently skew responses. Upon completion of the validation
process, the mapping application and survey were revised to produce the final version of
the survey questions which were integrated into the online survey platform. The final
survey contained 20 questions that were believed to be simple, short, and easily
understood by all participants. The survey instrument, which was adapted from Faulkner
and Law (2012) and Poplin (2012, 2015), consisted of multiple-choice, short answer, and
5-point Likert-scale questions. After validation of the survey instrument, approval to
conduct the research was sought and obtained from the Western Kentucky University
Human Subjects Review Board.
The story map application was accessible to participants via computer (i.e.
desktop, laptop, tablet). The mapping applications and survey was distributed
electronically to participants aged 18 or older who previously expressed interest in
sustainable lifestyles by subscribing to Transition initiative email listservs or social media
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pages; the maps and survey were also shared on Facebook. The researcher assumed if
participants click on, viewed, and submitted a survey for a story map that featured
sustainability, they had some interest in sustainability-related lifestyles or information.
Data collection continued until the survey sample size satisfied a 90% confidence level,
though the total number of surveys collected for this research was still below the
researchers intended number of survey respondents.
Responses to survey questions were coded and transcribed for statistical analysis.
The data obtained from Qualtrics were imported into Excel and SPSS statistical software,
through which the researcher conducted inferential and descriptive statistical analysis,
developed graphs, and filtered data as needed. The open-ended and opinion questions in
the survey required coding and classification of responses into categorical themes; these
data were analyzed by tabulation, classification, and summarization (Powers and Xie,
2008). Through Methods of Agreement, the researcher compared themes among the
different population groups (i.e. surveys collected from of the study sites) (Neuman
2000). In categories that were recorded on a nominal scale, a single one-way table was
created for summarization.

4.3 Limitations of the Study
The immediate biases introduced in this study were accessibility and computer
literacy. Since this research was web-based, only individuals with internet access and
browsing capabilities could participate in the study. Individuals who had internet access,
yet were not comfortable with computers, may have had difficulties navigating the story
maps or participating in the survey. All advertisement funding centered on the social
media site Facebook, presenting further limitations for those who are not members of the
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social media platform, although non-Facebook users were not entirely excluded from this
research since the story maps were also disbursed through email and websites. Increased
funding and time would have allowed for higher survey response rates. The limited
survey responses noted in this study could be reflective of declining survey response rates
in research endeavors (Couper and Miller, 2008). Sufficient data were collected to
suggest a relationship between web GIS application design and increased public
participation and education, though the results of this study should be consider
exploratory in nature and further research is needed uncover fully the influence of story
maps on participation in sustainability-related activities.
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CHAPTER FIVE: RESULTS AND DISCUSSION
The purpose of this research was to investigate how the design and use of Esri
story maps help to visualize sustainability entities within a community and increase
participation in sustainability-related activities among populations that have expressed
interest in sustainable lifestyles. A total of 104 participants began the survey component
of this research; among those who started the survey, 45 answered each question and the
remainder chose to respond to select survey questions; sample size is included with the
discussion of each survey question to demonstrate the number of participants that
responded to a specific question. Data collection continued until the survey sample size
satisfied a 90% confidence level. The total number of surveys collected for this research
was below the researchers intended number of survey respondents; as a result, the data
and discussion presented herein should be considered preliminary in nature to serve as a
proof of concept for additional study into the use of Esri story maps to influence
participation in sustainability-related activities. This data are not conclusive, yet provide
a benchmark from which other studies can build.
Table 5.1 summarizes survey respondent demographics. Survey participants were
not evenly distributed among study sites. Of 104 survey participants, 44% were from
Warren County, 30% from Skagit County, and 23% from Barron County, or surrounding
communities. The unequal distribution of survey participant location, positively favoring
Warren County, could be attributed to Warren County being the researcher’s place of
residence; thus, more people were available and willing to help spread the word about
participating in the survey through social media.
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Table 5.1. Additional Survey Respondent Demographics.
COUNTY
WARREN SKAGIT BARRON TOTAL
AGE 18-24
2
3
1
6
AGE 25-44
6
2
3
11
AGE 45-64
5
7
8
20
AGE 65 & UP
4
4
1
9
EMPLOYED
UNEMPLOYED
RETIRED
STUDENT
DISABLED
HIGH SCHOOL OR LESS
ASSOCIATES OR LESS
BACHELORS
MORE THAN 4 YEAR
DEGREE

9
1
4
2
1
1
5
5
6

5
0
7
4
0
2
5
5
4

8
0
3
2
0
2
6
3
2

22
1
14
8
1
5
16
13
12

Story map applications act to advance spatial awareness by providing a platform
through which individuals can interact to obtain spatial information about an assortment
of sustainability-related activities. Data collected as part of this study indicate that the
story maps positively influence participation and encourage education, which is in
agreement with prior investigations (Elwood and Leszczynski, 2013; Johnson and
Robinson, 2014; Strachan, 2014; Gordon et al., 2016), but the exact cause of why is
undetermined. Survey responses were positive for all story map applications and each of
the designs therein.

5.1 Influences on Participation
The ability of story maps to improve participation in sustainability-related
activities may reflect previous research that indicated the use of GIS and
geovisualizations is central to civic engagement (Gilbert, 2010; Elwood and Leszczynski,
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2013; Johnson and Robinson, 2014; Gordon et al., 2016). To gain insight into how the
design and use of Esri story maps, specifically, can influence participation in
sustainability-related activities, survey participants were asked a series of questions
related to simple acts of participation, such as sharing the story map on social media or
referencing its content in the future, as well as more involved acts, such as making a
change to current lifestyle or participating in a future sustainability-related activity after
viewing the story map. With regard to the complete story map, 48% of respondents
(n=46) felt the map had increased their ability to participate in a sustainability-related
activity (i.e. providing access to information that allowed for participation). Additionally,
when asked if they were likely to participate in a sustainability-related activity after
viewing the full story map, 60% of survey respondents (n=45) indicated ‘yes’ they were
likely to participate and 18% responded ‘no’ they were not likely to participate in a
sustainability-related activity after viewing the story map.
Survey participants were also asked if the story map influenced their decision to
participate in a sustainability-related activity; survey responses (n=45) to this question
were split 51% to 49% between ‘yes’ and ‘no,’ respectively. In Warren County, 71% of
survey participants felt the story map did influence their decision, while 69% in Skagit
County felt the story map did not influence their decision to participate in a
sustainability-related activity. To further investigate this finding, average responses to all
survey questions related to influence on participation were evaluated collectively and
summed by county (Table 5.2); results revealed survey respondents from Skagit County
were least influenced to participate by the story map applications. Since Skagit County
has the most existing community-wide sustainability-related compared to the other
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counties featured in a story map, an explanation for this finding could be that exposure to
sustainability-related literature or advertisements within the Skagit County community
has already provided the information included in the story maps or the respondents were
already involved in sustainability-related activities. For example, Skagit County is
already pursing a county-level effort to educate and promote participation in
sustainability and, therefore, effective information disbursement on the topic is already
established in the community. Data collected from survey participants in Warren County
and Barron County suggest that story maps can be a useful tool in the promotion of civic
engagement when other well-known activities and information is not already available.
Expansion of a sustainability-related narrative in such communities could improve
participation, especially when the content for the narrative is locally sourced.

Table 5.2. Evaluation of Participation Influence by County.
Share Story
Change
Participate In
Map
Behavior
Activity
67
53
71
WARREN
69
36
40
SKAGIT
69
46
64
BARRON

Sum
Average
64
48.3
60

(Shown as percentage of respondents)

Thirty-two survey participants (n=48), indicated they would likely share the story
map with others; the story map Facebook pages were shared over 80 times on the site by
members of the public. Sharing on social media is linked with the extent to which
individuals support the exchange, distribution, and receiving of information (Ozanne and
Ballantine, 2010); thus, individuals sharing the story map posts on their personal social
media pages can be considered a form of public participation and is certainly beneficial to
the dissemination of sustainability-related information. Users sharing the story map via
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social media is also likely indicative of a positive experience and an experience that a
map user expects other users to also have if they interact with the post (Ryan and Deci,
2000; Lakhani and Wolf, 2005); individuals typically do not share an application with
family and friends unless they feel it is functional and of some importance (Ryan and
Deci, 2000; Kietzmann et al., 2012). Through the act of sharing a story map application,
map users are increasing access to sustainability-related data and web GIS platforms.

5.1.1 Influences on Participation by Map Design
To investigate if participation in sustainability-related activities is likely to change
with exposure to different story map designs, for each design, using 5-point Likert-scale
questions, survey participants were asked about the influence of each evaluated story map
design on their ability and decision to participate in sustainability-related activities and
whether they would reference the map in the future; Table 5.3 summarizes the number of
positive survey responses to these questions by story map design. Open-ended responses
to these questions further corroborate the Likert-scale questions. For example, when
asked why participation was influenced by the story map, survey respondents
commented, “The story map educated me on local businesses and farms that are
committed to sustainability and local sourcing. Now that I know, I will make a conscious
effort to support these businesses,” and “gave me more info on an area I already had
interest in". Other respondents commented about the shortlist design stating, “Was not
aware of all of these farms,” “More local resources I wasn't aware of before now,” and
“New resources for more local food”. Zero negative open-ended responses were received.
Collectively, these data support the use of story map applications, particularly shortlist
and tour applications, to convey information in a way that participants favor.
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Table 5.3. Evaluation of Participation by Story Map Design Type.
DESIGN

REFERENCE MAP
IN FUTURE

INCREASE ABILITY
TO PARTICIPATE

SUM
AVERAGE

WHOLE STORY MAP

22

22

18.7

SHORTLIST

26

27

24.7

TOUR

20

23

20.3

SERIES

23

23

21

CROWDSOURCE

15

16

13.7

(Shown as total respondents)

The shortlist design was the most favored as the story map design that most
increased ability to participate in a sustainability-related activity (Figure 5.1), while the
crowdsource design was least favored, with 28% of respondents (n=46) indicating no
influence, 37% unsure, and 35% indicating influence by the crowdsource map. The
crowdsource design contained the least amount of data points, and, therefore, had the
least amount of meaningful information presented within the map, which may have
contributed to negative feelings about the ability of the design to influence participation
in sustainability-related activities. Improving the ease with which users can contribute
data to a crowdsourced map, discussed in more detail later in this chapter, may improve
the ability of a map create with the crowdsource template to encourage participation.
Over half of the survey participates felt the tour design increased their ability to
participate in a sustainability-related activity by improving accessibility to information
about sustainability-related activities and businesses in their region. Respondents were
split 51% to 49% between yes and no/maybe, respectively, when the same question was
asked about the series design.
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Which Design Increased Ability To Participate?
CROWDSOURCE
TOUR
SERIES
SHORTLIST
WHOLE STORY MAP
0

10

20

WARREN

30

SKAGIT

40

BARRON

50

60

70

80

ALL

Figure 5.1. Story map design influence on ability to participate (created by author).

To investigate likelihood for future use of the story map applications to enhance
participation, survey participants were also asked if they would reference the story map
again and, if so, which map design they would be most likely to reference. The shortlist
design, or farms and food tab, was cited the most, followed closely by the series design as
the story map design participants were most likely to reference again. These data could
reflect upon the usability of the design, but could also be influenced by a participant’s
preference of the subject matter (Amabile, 1997); further investigation is needed to
distinguish if this outcome is, in fact, the result of the map design or the content matter.
The crowdsource design was cited as least likely to be referenced again in the future. As
aforementioned, the crowdsource design also had the least amount of influence on
respondent’s ability to participate in a sustainability-related activity and participates were
uncertain of the usability of this design.
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When calculating the significance of responses by county to the question will
reference story map again through a Kruskal-Wallis test (i.e., the p-value), the analysis
indicated a significance level at 0.04066 (Table 5.4); this value is below 0.05; thus, a
statistically significant difference likely exists between the three different counties with
regard to the independent variable, will reference whole story map. When performing the
same analysis on responses to increased ability to participate no statistical significance
was found.
Table 5.4. Kruskal-Wallis positive test results for ‘Will Reference Map Again’.
YES RESPONSE
WARREN
8
10
7
9
4
SKAGIT
4
5
5
4
3
BARRON
7
7
5
8
5
RANKS
T
WARREN
12.5
15
10
14
3
54.5
SKAGIT
3 6.5
6.5
3
1
20
BARRON
10
10
6.5 12.5 6.5
45.5
H=(12/(N(N+1))*
H = 0.05 *
2
1088.1 -48
(∑T /n) - 3(N+1)
H statistic:
p-value:

6.405 (2, N=15)
0.041

5.2 Perceived Learning
To investigate if learning about sustainability is influenced by different story map
templates, survey participants were asked if they had learned something new about
sustainability or sustainability-related activities in their community (Figure 5.2). The
majority, or 68% (n=46), of participants stated that they had learned something new
about sustainability through exposure to the story map. Skagit County participants
learned the least from the story maps; as previously discussed, this finding may be the
64

result of prevalent sustainability-related initiatives in the Skagit County community.
These data indicate that promoting sustainability through the use of story maps may be
most useful in areas, such as Warren and Barron Counties, that are lacking in
advertisement platforms for sustainability activities and/or lack well-developed
sustainability programs. These data may also indicate that respondents in Skagit County,
and other communities with well-developed and abundant sustainability programs, have
high expectations for such campaigns, as they are already exposed to prevalent
information about city-centered sustainability initiatives. Finally, multiple survey
respondents in Barron County and Warren County indicated that they learned where
certain entities are located, or improved their spatial awareness, which is a critical aim of
story map applications. Individuals who become aware of a location have increased
ability to visit the location, which improves probability of interaction or participation
(Craig et al., 2002; Ghose, 2003; Hart, 2013).

Did You Learn Something New About Sustainability or
Sustainability-related Activities Within Your Community?
YES

NO

TOTAL

MAYBE

NO

17%
15%

MAYBE

68%

YES

0

2

4

6
BARRON

8
SKAGIT

10

12

14

WARREN

Figure 5.2. Perceived learning reported by survey participants (created by author).
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After survey respondents were asked if they learned something about
sustainability from the story maps, they were asked from which design they preferred
learning. Survey respondents indicated that they learned least from the whole story map
and the crowdsource design (Figure 5.3). In Skagit and Barron Counties, the tour design
was selected as influencing learning over the shortlist design; however, in Warren County
the opposite was the case. Participants in both Barron County and Warren County
reported that they learned something new from the series design; there were no
significant statistical differences found (p-value =.11642) when using Kruskal-Wallis
analysis to compare perceived learning between all five designs. Many respondents cited
that they had learned about new organizations they could join, the existence of places
they had not yet been exposed, and other locally based sustainability information. For
example, one survey participant stated, “I learned that there are many local businesses I
would like to support,” and another stated, “I learned that there are several group
organizations that I would like to be part of,” when asked what they had learned from the
story maps.
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From Which Design Did You Learn Something?
10
9
8
7
6
5
4
3
2
1
0
WARREN
WHOLE STORY MAP

SKAGIT
SHORTLIST

TOUR

BARRON
SERIES

CROWDSOURCE

Figure 5.3. Participant perceived learning by story map design (created by author).

Participants indicated they would consider constructing a story map to increase
participation and knowledge about a topic; specifically, 71% (n=45) of survey
respondents answered ‘yes’ they would construct a story map, 20% answered ‘maybe’,
and 9% indicated ‘no’. The act of participants wanting to create a story map of their own
speaks to the positive experience participants had with the story map applications and
further validates their use as a tool to increase participation in sustainability-related
activities. If participants do choose to utilize GIS software to create story maps of their
own, this act can facilitate participatory mapping, or public participation in GIS, at a local
level. Public participation in GIS through the creation of story maps can also be a
significant element towards public involvement in policy-making and community
development (Convis Jr., 2001) since complex societal issues (e.g., land-use, crime, and
environmental health) contain spatial components.
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5.3 Story Map Design Usability
To investigate user-friendliness of the story map designs, survey participants were
asked a series of usability-related questions with topics including computer literacy,
content and design as they relate to the user-interface, and ease of use. Regarding whether
users liked the story map design, 81% (n= 87) respondents indicated that they liked the
story map and 16% responded ‘maybe’, leaving 3% who indicated ‘no’ they did not like
the story map. One survey participant disliked the story map, but liked the designs; this
respondent’s complaint was the content of the groups page, which in the opinion of the
survey respondent contained information that was influenced by leftist politics. The
Kruskal-Wallis test indicated a statistical significance for responses to the questions ‘did
you like the content’ of the series design versus the shortlist and crowdsource designs.
There were no significant statistical differences found when comparing all five designs
concerning usability; however, as aforementioned, the data set is exploratory in nature
and a more robust data set could indicate statistically significant difference between the
usability of the designs. In fact, a full study, including focus groups and in-depth
interviews, could uncover small nuances between story map template usability.
Considering whether survey participants felt knowledgeable about computers,
89% of 46 respondents identified their computer knowledge as proficient; this is
important as the story map applications require sufficient computer and web navigation
knowledge to access and experience the full benefits of each map. The majority of
respondents used a desktop or laptop, and the Google Chrome web browser, for accessing
the story map.
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When asked about the content and subject matter of the whole story map,
specifically, all but two respondents (n=45) indicated they liked the content/subject
matter of the whole story map; the majority of respondents also indicated that they liked
the design (Figure 5.4). The use of the story map designs in this research is not typical of
the Esri story maps. Specifically, story maps are not typically housed within one another,
and, if they are, less is better in terms of functionality between device platforms and
feedback speeds (see Methods, Figure 4.2). Despite the unconventional use of the story
map templates, the majority of survey respondents felt the whole story map was easy to
use; respondents also felt the whole story map was easy to understand (Figure 5.5). The
purpose of the story maps to visualize sustainability-related entities within the three study
sites and to compare user feedback on design was not described on the story map
applications. Not having a clear objective statement provided in the application may have
confused some users, ultimately influencing use, understanding, and design feedback.
Future developers of story maps should consider the inclusion of clear objective
statements for each mapping application and possibly each page if the objective of pages
varies within a single map.
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Whole Story Map Content And Design Feedback
40
35
30
25
20
15
10
5
0
LIKE

MAYBE
CONTENT/SUBJECT MATTER

DISLIKE
DESIGN

Figure 5.4. Feedback on whole story map content and design (created by author).

Whole Story Map Usability Feedback
40
35
30
25
20
15
10
5
0
YES

MAYBE
EASY TO USE

NO

EASY TO UNDERSTAND

Figure 5.5. Feedback on usability of whole story map (created by author).

5.3.1 Shortlist Design (Farms & Food)
The shortlist story map design contains a side panel of curated points. In Skagit
County a choice of three tabs (Farms, Restaurants, Food Retailers) were presented to
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users, while in Barron County and Warren County all content was represented on a single
page (local food). When asked about the content and subject matter of the Farms and
Food tab, which utilized the shortlist story map design, only two of 48 participants
indicated they disliked the content and subject matter of the design (Figure 5.6). One
respondent indicated they disliked the design, but this same respondent also gave
inconsistent and contradictory answers throughout the survey and could, therefore, be
considered an outlier in the data set. The other respondent who indicated he or she
disliked the design stated, “There are great SMALL [sic] restaurants in Mt. Vernon that
fit much better than the larger ones you have.” This comment suggests input from local
residents in the development of any story map could help to ensure more locally sourced
information is included in the map and is representative of the site-specific situation.

Shortlist Content and Design Feedback
40
35
30
25
20
15
10
5
0
LIKE

MAYBE
CONTENT/SUBJECT MATTER

DISLIKE
DESIGN

Figure 5.6. Feedback on shortlist template content and design (created by author).

The majority (85%) of the survey respondents (n=46) felt the shortlist design was
easy to use; however, a quarter of respondents indicated ‘maybe’ (22%) or ‘no’ (3%),
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when asked if the design was easy to understand (Figure 5.7). The shortlist design has
multiple interactive features that users to navigate the map by clicking a pin point or its
associated image or use arrows to pan. If users do not click on an image or marker,
additional content information is not displayed. Some respondents may have, therefore,
only been exposed to limited content if they did not click images or pin point markers,
which could influence understanding of the design. The shortlist design also does not
contain a narrative or guide, as seen in the tour and series designs; this lack of direction
may be the cause for a story map user to misunderstand the intention of the shortlist
design. This finding suggests instructions or statements that direct the story map users to
click on the various icons for navigation should be included in a story map utilizing the
shortlist template design.

Shortlist Usability Feedback
45
40
35
30
25
20
15
10
5
0
YES

MAYBE
EASY TO USE

NO

EASY TO UNDERSTAND

Figure 5.7. Feedback on usability of shortlist design. Created by author.
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5.3.2 Tour Design (Groups)
When asked about the content and subject matter of the groups tab, 84% of
respondents (n=43) indicated they liked it, with three respondents indicating they disliked
the content and subject matter of the tour design. Nearly 77% of respondents indicated
that they liked the design; yet, 23% of respondents were unsure or did not like the tour
design. The tour design is intended to map tours; although it contains the same capacities
as the series design (i.e. web map, mixed media elements, narrative section) the
unconventional use of the design could have influenced this finding. Additional study is
needed to determine the tour design’s best interpretability, but the preliminary data
collected as part of this study suggest users felt the tour design was easy to use (Figure
5.8). Similarly, 76% of respondents also felt the tour design was easy to understand;
however, 21% of respondents indicated ‘maybe’ and 3% of respondents indicated ‘no’ in
response to the same question (Figure 5.9). A lack of multiple groups to include in the
Barron County map could have influenced each map users’ ability to understand the
design since multiple map features could not be included; the Hay River Transition
Initiative was the only group included in the Barron County story map since it was the
only active sustainability-related group that the researcher could identify in the area. This
finding suggests that the tour design may not be an ideal choice for story map template
when multiple pieces of data are not available for inclusion in the story map.
Additionally, with nearly a quarter of participants unsure about the usability of the tour
design, an effort to make the maps using the tour design more intuitive should be pursued
by map developers.
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Figure 5.8. Feedback on tour template content and design (created by author).
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Figure 5.9. Feedback on usability of tour design (created by author).
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5.3.3 Series Design (Shops & Services)
Regarding the content and subject matter of the shops and services tab, 73% of
respondents (n=44) indicated they liked it, with only three respondents indicating they
disliked the content and subject matter of the series design. Three respondents disliked
the design, but the majority of respondents, 64%, indicated they liked the design (Figure
5.10). A portion of respondents (28%) were unsure if they liked the design, which could
be a result of many factors, including atypical use of story map design, map markers
being uninformative unless clicked, or topic choice.

Series Content and Design Feedback
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Figure 5.10. Feedback on series template content and design (created by author).

Of 45 survey respondents, 78% felt the series design was easy to use and 80% of
respondents felt the series design was easy to understand (Figure 5.11). Within the series
design a short narrative explains the content provided on the map and how to navigate it
which entails clicking points to reveal more information and zooming in and out to
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highlight specific areas of the map. The data point pictures are not revealed as they are in
the shortlist design thumbnails; to see the content of each point, a marker must be
clicked. An immediate overview is not available, and this could, therefore, influence
understanding of the map content, as well as the design.

Series Usability Feedback
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NO

EASY TO UNDERSTAND

Figure 5.11. Feedback on usability of series design (created by author).

5.3.4 Crowdsource Design (You Map It!)
When asked about the content and subject matter of the You Map It! tab, 66% of
respondents (n=41) indicated they liked it, with one respondent indicating they disliked
the content/subject matter of the crowdsource design. Two respondents disliked the
design, but the majority of respondents indicated they liked the design (Figure 5.12). The
immediate drawback to this design is that each location is unknown until the user chooses
to click on the pin point/marker. In other circumstances, the map purpose may be quickly
understood using the side panel legend, as seen in Figure 5.13, where this drawback
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would not apply. In the promotion of sustainability education, this design could be
utilized to map various topics including carbon footprints, population densities, or landuse/landcover.

Crowdsource Content and Design Feedback
30
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DESIGN

Figure 5.12. Feedback on crowdsource template content and design (created by author).
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Figure 5.13. Example alternative use of story map series design. Sourced from Esri (2017a).
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Over 60% of the survey respondents (n=42) felt the crowdsource design was easy
to use; however, compared to feedback for the other design, a greater portion of
respondents indicated ‘maybe’ (26%) or ‘no’ (10%) when asked if the design was easy to
use (Figure 5.14). Over a third of participants were unsure about the usability of the
crowdsource design; these preliminary data suggest an effort to make the application user
interface more intuitive should be pursued during future use of the crowdsource design.

Crowdsource Usability Feedback
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Figure 5.14. Feedback on usability of crowdsource design (created by author).

Of the surveyed map users, 34% did not feel the crowdsource design was easily
understood. Further investigation is needed to fully understand causes for the more
negative feedback for the crowdsource design compared to the other designs evaluated in
this study. For example, a focus group could help clarify any specific misgivings,
confusing wording, or areas of issue with regard to this map.
The crowdsource design gives participants the option to contribute to the story by
adding a picture and attributive (i.e. name, location, description) data. During this study,
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there were only two participants who successfully added data to the map, one in Skagit
County and one in Warren County. A drawback of using the template, and not an html
code, is that image specifications require the smallest pixel amount to be 700. Due to this
high pixel image requirement, many images must be re-sized prior to be adding to the
map. The crowdsource template application will not accept anything less than the
specified 700 pixels or higher. Participants who struggle to upload images may be more
likely to abandon the map. If this occurs regularly enough, the map is unlikely to become
well-developed since new content will not be added, nor will true engagement with the
map occur. This obstacle could be lessened by providing guidance, such as graphic pixel
conversion instructions or mobile upload tutorial, for the map user on the landing page.

5.4 Collective Usability Evaluation
To better evaluate and compare the user-friendliness of the story map designs, a
usability score was calculated for each story map (Table 5.5). The Kruskal-Wallis Test
was first performed to determine any statistical significance existing among positive
responses to usability questions, and no significance was found. The average of positive
survey respondents (i.e. yes responses/total responses) for each question related to
usability were added together and then divided by four to get an average of average; since
the same number of survey participants did not respond to each question, an average of
average gave a more accurate representation of the data set. Based on this exploratory
data set and analysis, the shortlist design was identified as the most user-friendly of the
evaluated story map designs, closely followed by the tour design. The crowdsourced
design had the lowest usability score. While more investigation is needed to determine
why the crowdsource design was the least user friendly of the investigated map
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templates, some conclusions can be reached. First, the design is still in beta mode, which
makes it prone to technological glitches. Second, less information is likely to be provided
through the crowdsource design, at least when compared to the initial publication of maps
using other design templates, since the inclusion of nearly all information is dependent on
the participation of the public. Third, the aforementioned reliance on public participation
to develop a crowdsourced map creates a cycle of poor usability leading to poor
participation and vice versa. The end result of this cycle is the development of a
crowdsourced map that contains very limited information and a set of map users who do
not understand the purpose of the map.

Table 5.5. Evaluation of Usability by Story Map Design Type.
LIKED
CONTENT

LIKED
DESIGN

EASY
TO USE

EASY TO
UNDERSTAND

USABILITY
SCORE

WHOLE MAP

84

80

79

79

80.50

SHORTLIST

85

76

85

77

80.75

TOUR

83

78

78

79

79.50

SERIES

73

68

75

76

73

CROWDSOURCE

63

60

65

68

64

The series design fared only slightly better than the crowdsource design with
regard to its calculated usability score. This lower usability score could have resulted
from the design being used in an atypical way. Had the series design been used to
visualize data in another format such as graduated colors or symbols, more typical uses
for the series design, the map may have been more easily understood by map users.
The tour design had a nearly 80% usability score, fairing nearly as well as the
shortlist design. The similarities in usability score could be attributed to both designs
having clickable thumbnails, or immediately viewable images; both the shortlist and tour
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designs also have arrows that users can click to move to the next image or location on the
map, making map navigation very easy.
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CHAPTER SIX: CONCLUSIONS & FUTURE RESEARCH
Recollections on how to get to the grocery store or to grandma’s house are
determined by an individual’s cognitive map. Spatial awareness increases as new places
are learned and until they are incorporated into an individual’s cognitive map the
locations remain non-existent to the individual. Web GIS applications, such as Esri story
maps, provide a framework to increase spatial awareness through the use of
geovisualizations. Through applications like Esri story maps, citizens also have a
platform to contribute to and engage in spatial decisions; critical spatial awareness is
thought to be foundational for meaningful civic engagement to occur (Goodchild and
Janelle, 2010; Kim and Bednarz, 2013).
With increased spatial awareness of sustainability-related entities and activities,
comes an opportunity for increased accessibility and increased probabilities of
influencing participation and education in these types of activities. This research
attempted to investigate the question, “How can the design and use of Esri story maps
help to visualize sustainability entities within a community and increase participation in
sustainability-related activities among populations that have expressed interest in
sustainable lifestyles?” This research also sought to understand the usability of individual
story map application templates.
Story maps can increase the chance of participation in sustainability-related
activities among those who interact with the application by providing spatial information
of available opportunities (Dunst et al., 2001). Specifically, previous research has
revealed the mapping applications provide a platform of advertisement and public
engagement for important topics in which the public are stakeholders (Dickinson et al.,
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2012). The preliminary data collected as part of this study may suggest story maps can
work to improve spatial awareness of a map user and provide an opportunity for
individuals to interact and procure spatial information on a variety of sustainabilityrelated activities and entities, such as recycling, eating at restaurants featuring organic or
locally sourced food, growing a vegetable garden, and shopping at non-franchised
businesses and farmers’ markets, among others. This study also revealed that some story
map designs, such as the shortlist design, may be better at displaying information and
engaging users than other map designs, such as the crowdsource design.
All story map designs had positive feedback from survey participants (Figure 6.1)
and proved useful in increasing participation and education in sustainability-related
activities, which supports previous research in related areas (see Elwood and
Leszczynski, 2013; Johnson and Robinson, 2014; Strachan, 2014; Gordon et al., 2016).
The shortlist and series designs faired the best in terms of perceived likelihood of
participation in sustainability-related activities; yet, all designs were reported to
encourage participation to some degree. The shortlist, series, and tour designs were cited
as those that contributed most to learning about the featured sustainability-related
activities. All designs were largely reported as being easy to use. In fact, all of the story
map designs, save the crowdsource design, had positive feedback in all areas of testing.
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INCREASED ABILITY TO PARTICIPATE

Figure 6.1. Comparison of story map design positive feedback (created by author).

The exploratory data collected through this research project indicate the shortlist
design was the story map design template with the most positive feedback. The shortlist
design is inviting for users, with a nice selection of images immediately viewable. Of
note, however, was that this design also contained information most relating to a common
topic of public interest, food, which could have positively influenced the data set. Not
influenced by subject matter is the ease of use, in which the shortlist design also fared the
best of the designs. The design with the least influence in the areas tested, was the
crowdsource design. While the design did receive some positive feedback, there is much
room for improvement based on survey responses; many of these improvements may be
accomplished with an improved user guided interface.
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6.1 Recommendations
Through an investigation of story map design templates, this exploratory research
provided insight into design influences on learning, participation, and usability of story
maps. Based on collected data, the following recommendations for the future
development and use of story maps have evolved:


Include public input in the development of a story map used to represent
sustainability within a community. This notion is particularly important when
developing a sustainability-related story map since sustainability, by
definition, is site-specific.



The inclusion of public input is essential but will need quality controlling
before any data are incorporated into the story map. In short, there should be
methods in place for quality assurance of public generated data.



The story map topic is a central part of the application. Including topics such
as food in the shortlist design or important places (e.g., city monuments) in the
tour design, are likely to improve interaction.



If the desired story map contains a narrative where the user clicks tabs, then
the series design may be best suited. The design comes in tabbed, numbered,
bulleted, or an expandable accordion side control format. If the desired story
map is a set of places, and the places are not organized into categories, the
tour design may be the best choice. If the set of places needs to be editable by
the public to add new features, the crowdsource design is likely appropriate. If
the set of places requires photos of each location to be shown, and data is best
organized into categories, then the shortlist is likely the best design to use.

86



Story maps are easily created by the average computer user, and
the opportunity to create community-centered maps is readily accessible. To
better encourage participation is sustainable activities at a local level, story
maps should be community or city-specific. Sustainability is represented and
interpreted differently according to site and situation, so story maps used to
represent sustainability and opportunities to participate in sustainable lifestyle
choices need to reflect those differences.



When developing any story map intended for public use, clear instructions on
the landing page should be included. The inclusion of user instructions is
particularly important for story maps featuring the crowdsource design. With
this design, instructions for how to change the pixel count of images should
also be included.



A help section should be included to improve usability of any story map
application to provide navigation instructions for map users and include
options for providing feedback to the map creator through email or phone.



Using medium resolution and inviting images will provide consistent
engaging material that will not take up as much server space, nor require the
loading time, as higher resolution imagery. Using images of the same size is
particularly important when using the shortlist design, which utilizes a curated
list of thumbnail images.



All story maps should be compatible with a mobile device. Typically, simpler
is better with regard to design.
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GIS applications can show temporal changes to landscape, sea level rise,
deforestation, etc. Utilizing these types of geovisualizations within a story
map may provide a meaningful and relatable perspective for map users,
something numbers cannot, and, thus, should be incorporated in a story map
design whenever available.

6.2 Future Research
The next steps in continuing this research would be to develop a more robust
survey population sample to gain a more comprehensive understanding of design effects
on participation and learning through the story maps. The population sample obtained for
this research was limited. A larger sample size will provide more support for findings, as
well as give opportunity to draw conclusions based off categorical population subsets
(e.g., demographics, geographic location, etc.). More in-depth research focused on
gaining a comprehensive understanding of the usability of story maps could also include
eye-tracking technology, through which design elements attracting user’s attention could
be identified. A longitudinal study that attempts to track behaviors of map users over time
can clarify if influence on participation occurs after interacting with a story map and to
what degree the story map contributed.
Technological advancements with GIS happen at a rapid rate. Continued research
could consider augmented and virtual reality story maps applications for the purposes of
improving participation, education, and spatial awareness. A comparison of participation
and educational influences of web-based applications vs. altered realities (virtual and
augmented) would prove useful in understanding the outcomes possible through
interaction with these new and evolving technologies.
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Applications such as the crowdsourcing design are currently being used for
polling the public on topics such as national park memories or favorite beach, or more
personal requests such as remembering a loved one lost to drug overdose or honoring a
veteran, with all inputs requiring a graphic, narrative, and coordinate location. The
crowdsource application can be used for other purposes, such as publicly sourced crime,
environmental, or health data collection. The design can be easily constructed to collect
public data on any number of topics, and this data can then be utilized by researchers or
government organizations to gain insights based on public knowledge and collaboration.
Most story map application templates are not crowdsourced and typically have
limited authorship. Yet, story map applications are available for use with a free Esri
public account, so anyone with internet capabilities can access and create a story map.
This ease in development allows for increased public participation in the creation of story
map applications, which could be beneficial to increasing future citizen science and
outreach programs.
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APPENDIX: Survey Instrument
Instrument approved by Western Kentucky University Human Subjects Review Board

1) Which age group are you in?
a. Under 18
b. 18-24
c. 25-34

d. 35-44
e. 45-54
f. 55-64

g. 65-74
h. 75-84
i. 85 or older

2) Are you a current resident of [insert city name]?
a. Yes
b. No
3) If no, please list your current city & state______________________________
4) Which category does your total annual household income (gross before tax) fall into?
Less than $10,000
$10,000 - $19,999
$20,000 - $29,999
$30,000 - $39,999

$40,000 - $49,999
$50,000 - $59,999
$60,000 - $69,999
$70,000 - $79,999

$80,000 - $89,999
$90,000 - $99,999
$100,000 - $149,999
More than $150,000

5) What is your current level of education?
Less than high school

4 year degree

High school graduate

Professional degree

Some college

Doctorate

2 year degree
6) Describe your level of computer proficiency
Extremely knowledgeable

Slightly knowledgeable

Very knowledgeable

Not knowledgeable at all

Moderately knowledgeable
7) How did you access the Story Map?
Computer (desktop, laptop)

Cellphone

Tablet (iPad, or similar)
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8) For this purpose of this research, sustainability is defined as: Using resources to meet
current need without compromising resources of future generations. Do you feel
sustainability is important?
Yes, please describe why below

No, please describe why below

9) Did you like the Sustainable Skagit Story Map?
Definitely yes

Probably not

Probably yes

Definitely not

Might or might not
10) Did you learn something new about Sustainability or Sustainability-Related
Activities within your community?
Definitely yes

Probably not

Probably yes

Definitely not

Might or might not
11) Did the story map influence your decision to participate in a sustainability-related
activity?
Yes, why (describe below)?
No, why (describe below)?
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12)
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13)
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14)
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15)
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16)
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17)
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18)

19) If you have any further comments you wish to make with regard to the Story Map or
participation in sustainability-related activities, please do so here.
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